Oleic acid modified Fe 3 O 4 nanoparticles were proposed for magnetic solid-phase extraction coupled with ultra high-performance liquid chromatography-tandem mass spectrometry to determine risperidone (RISP) and 9-hydroxyrisperidone (9OHR) in biological samples. The effects of various experimental parameters including adsorbent amount, pH, adsorption time, eluent type and concentration were systematically investigated. Under optimal conditions, the calibration curve was linear within the concentration range of 0.2-200 ng mL -1 with the correlation coefficient (r) of 0.9962 and the lower limit of quantification was 0.06 ng mL -1 for RISP; the calibration curve was linear within the concentration range of 0.2-200 ng mL -1 with the correlation coefficient of 0.9956 and the lower limit of quantification was 0.04 ng mL -1 for 9OHR. The extraction recoveries were over 90.0% with relative standard deviation less than 5.0%. All these results suggested that magnetic extraction method can be used for enrichment and quantification of RISP and 9OHR in biological samples.
Introduction
Since their introduction 60 years ago, antipsychotics have been widely applied in clinical psychiatry, as a firstline treatment for schizophrenia. Risperidone (RISP) 1 is an effective benzisoxazole psychosolytic drug used in the treatment of schizophrenia, psychotic disorders, autism and other psychiatric illnesses. [2] [3] [4] It was confirmed that the 9-hydroxylation of RISP could happen under the catalysis of cytochrome P450 (CYP). 5 RISP is well absorbed by the human body and easily metabolized to 9-hydroxyrisperidone (9OHR) that has a similar pharmacological activity as RISP. 6, 7 To date, several literatures have been reported different detection methods of RISP and 9OHR in biological samples by the use of high-performance liquid chromatography with ultraviolet detection (HPLC-UV), 8, 9 high-performance liquid chromatography with diode array detection (HPLC-DAD), 10 liquid chromatography with electrochemical detection (LC-EC), 11 liquid chromatography with coulometric detection (LC-CD), 12 high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS), [13] [14] [15] time-of-flight mass spectrometers (TOF-MS), 16 and ultrahigh pressure liquid chromatography with photodiode array detection (UPLC-PDA). 17 Because of complex pretreatment steps and time-consuming properties, some of these methods are not very suitable for clinical studies, such as liquid-liquid extraction (LLE), 8, 13, 15, 16 solid phase extraction (SPE) 9, 10, 11, 14 and microextraction by packed sorbent (MEPS). 12, 17 Base on the interference of the complex metabolites and complicated pretreatments in biological samples, the determination of RISP and 9OHR by an appropriate adsorbent material for the enrichment is necessary. 
UPLC-MS/MS conditions
Chromatographic analysis and quantitative evaluation were performed using a Waters ACQUITY UPLC system (Waters, Milford, MA) which was consist of a controller, two pumps including a degasser and an autosampler. The target analytes were detected using a Xevo TQD with Masslynx TM software (version 4.1). The chromatographic separation was achieved on Waters ACQUITY UPLC BEH C18 column (50 × 2.1 mm, 1.7 μm). The column temperature was kept at 40 ºC and a small injection volume of 1 μL was recommended. The isocratic mobile phase consisted of acetonitrile-0.1% formic acid (15:85, v/v).
The samples were analyzed with an electrospray ionization set in the positive ionization mode (ESI+). Nitrogen was used as nebulization and desolvatation gas. The multi-reaction monitoring (MRM) mode was operated by the dependent scan which was an enhanced product ion scan. The two resulting transitions and setting for ultra high-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) system are shown in Table 1 . In order to exploit maximum sensitivity for identification and detection of target analytes, the specific parameters were set to 0.5 kV capillary voltage, 46 V cone voltage, 500 ºC source desolvation temperature, 1000 L h -1 source desolvation gas flow and 50 L h -1 cone gas flow.
Preparation of standard solutions and real samples
Stock standard solution of RISP and 9OHR (100 μg mL -1 ) was prepared in methanol and stored in 4 ºC. Working solutions were prepared directly by diluting the stock standard solutions with methanol. The concentrations of working solutions were prepared with 0.2-200 ng mL -1 of RISP and 9OHR. All the solutions were stored at 4 ºC. Blood and saliva samples were obtained from patients after the initiation of risperidone therapy in the First People's Hospital of Yunnan Province (Kunming, China). To reduce the endogenous-related substances, the pretreatment procedure for blood and saliva samples involves analogous steps. For the plasma preparation, 5 mL of blood samples were added ethylenediaminetetraacetic acid (EDTA) as anticoagulant and centrifuged at 2000 rpm for 5 min, then the supernatant solution was transferred to 5 mL volumetric flask and diluted with water to volume prior to MSPE procedure. For the saliva samples, 5 mL saliva was centrifuged at 3000 rpm for 5 min to eliminate the complex interference. The amount of sediment obtained after centrifugation of the saliva is about 23-28 mg. Before the adsorption, the supernatant was collected and further diluted to 5 mL with water.
Preparation of Fe 3 O 4 @OA nanoparticles
Synthesis of the magnetic nanoparticles was operated according to the previous literatures with some modifications. 23 The Fe 3 O 4 @OA were oleic acid functionalized as follows: 10 g of (NH 4 ) 2 Fe(SO 4 ) 2 ·6H 2 O and 14 g of FeCl 3 ·6H 2 O were cast onto 200 mL of deionized water with continuously mixing, and then heated up to 80 ºC under the protection of nitrogen. Next, 25 mL of ammonia solution (25%) and 5 mL of oleic acid were dropped onto the solution as described above. After reaction for 2 h, the black precipitate was collected with the aid of an external supermagnet by washing five times using deionized water and ethanol. The Fe 3 O 4 @OA was dried under vacuum at 50 ºC for 12 h.
MSPE procedure
An aliquot of sample solution according to the following steps: (i) aliquot 5 mL samples were added into 10 mL polypropylene tube; (ii) 25 mg Fe 3 O 4 @OA adsorbent was placed slowly into the solution; (iii) after stirring gently for 1 min and adjusting pH value, the suspension was stationary kept for 6 min; (iv) Fe 3 O 4 @OA were gathered with a strong magnet and the clear supernatant was carefully discarded; (v) in order to elute target analytes, 0.2 mL of methanol was gently dropped onto the magnetic sorbents, then Fe 3 O 4 @OA were separated by the magnetic field; (vi) after filtration through a 0.22 μm membrane, the supernatant containing the target analytes was detected by UPLC-MS/MS.
Results and Discussion
Characterization results 
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The size and morphology of a dispersion of oleic acid-coated particles was further investigated by TEM images. Figure 1c presents the TEM images of Fe 3 O 4 @OA, clearly revealing irregular spherical shape with a distribution size of between 10 and 18 nm. Furthermore, this preliminarily implies that the oleic acid layer successfully attached on the surface of the magnetic nanoparticles.
Optimization of the MSPE procedure
The effects of various experimental parameters including adsorbent amount, pH, adsorption time, eluent type and concentration and adsorbent reusability on the recovery of RISP and 9OHR were systematically investigated. All experiments were performed in triplicate by varying a parameter on the retention efficiency. 
Effect of adsorbent amount
To test the effect of the adsorbent dosage, various amounts of magnetic Fe 3 O 4 @OA from 5 to 35 mg were added into sample solution containing 200 ng mL -1 analytes. The results in Figure 2 indicated that the recoveries of the two analytes were greater than 90.0% by using 25 mg of magnetic nanoparticles and with the continued increase of adsorbent amount the recovery rate did not increased significantly. Based on the concentration of RISP and 9OHR in real samples below 200 ng mL -1 , 25 mg magnetic nanoparticles should be suitable to linear range of concentration 0.2-200 ng mL -1 . Consequently, the adsorbent dosage was maintained at 25 mg in all the subsequent experiments.
Effect of solution pH
Solution pH plays an important role for the adsorption of the analytes and the analytes should be electrically neutral so that it can be efficiently adsorbed and the adsorption unaffected by charges on the surface of the sorbent. To study the effect of the sample pH, the pH values were adjusted in a range between 3 and 10 by 0.1 mol L -1 HCl or NaOH solution. As can be seen in Figure 3 , the adsorption efficiency increased as the pH of sample solution rise from 2 to 7, and then decreased from 8 to 10. Maximum adsorption of RISP and 9OHR occurred over the pH range 7-8. However, the recoveries of the two analytes were decreased slightly from pH 8 to 10. Thus, pH = 7 was chosen for further studies.
Effect of adsorption time
The amount of extracted analytes by the sorbent is closely related to adsorption time as well as amount of sorbent. The effect of adsorption times in range of 1 to 12 min was examined. The adsorption experiments were carried out at different time intervals, that is 1, 2, 4, 6, 8, 10 and 12 min, separately and respectively. The Figure 4 shows that the recoveries of RISP and 9OHR increased with increasing extraction time up to 6 min and then remained constant up to 12 min. Hence, 6 min was sufficient for achieving satisfactory extraction efficiency and could meet the requirements of rapid analysis.
Effect of type and volume of eluent solvent
The selection of eluent solvent is crucial for the MSPE procedure. In our study, five common organic solvents alone or in mixture including 50% acetonitrile (v/v), 50% methanol (v/v), 50% ethanol (v/v), acetonitrile (HPLC grade) and methanol (HPLC grade) were investigated. The results reveal that the better recoveries were obtained using methanol, which was due to the higher solubility of methanol than other solvents ( Figure 5 ). The effect of eluent volume from 0.1 to 0.5 mL in the interval of 0.1 mL was also observed, and 0.25 mL of methanol is adopted as the optimum eluent solvent in the follow-on experiments.
Reusability of the adsorbent
In sorption-based investigations, sorbent reusability is economically assumed as a fundamental feature, whereby the spent sorbent could be reused several times. To assess the regeneration capacity, the sorbents of Fe 3 O 4 @OA were washed with methanol and utilized again to fulfill the next sorption circle. As can be seen in Figure 6 , it appears that the sorption recovery after 4 cycles of sorption and desorption is more than 90.0%. As a consequence, it is possible to reuse the magnetic nanoparticles without obvious change in its sorption behavior up to 4 cycles.
Adsorption capacity and enrichment factor
The adsorption capacity of magnetic nanoparticles was calculated by applying the optimized MSPE (25 mg of Fe 3 O 4 @OA) to 25 mL standard solutions containing 2 mg mL -1 RISP and 9OHR, respectively. The sorbent was separated via external magnet and the concentration of retained analyte in the supernatant solution was determined. The adsorption capacity (maximum amount retained from 1 g of material) was therefore calculated to be 3.84 and 6.60 mg g -1 for RISP and 9OHR, respectively. The enrichment factor calculated as the ratio of slope of preconcentrated sample to that obtained without preconcentration was about 24.
Analytical performance
Analytical performance of the developed procedure is plotted in Table 2 . Calibration curves via plotting , respectively) was achieved with the blood samples. Repeatability as intra and inter-day variability was evaluated by calculating the relative standard deviation (RSD, %) for the replicated measurements (n = 6). These obtained data (in Table 3 ) were higher than 92.0% for the mean accuracy and lower than 4.6% for RSD for three spiked concentrations. The results shown that the MSPE method based on new magnetic sorbent is a sensitive, efficient and reliable with good analytical parameters in isolation of RISP and 9OHR from biological samples.
Analysis of real samples
Applicability of the developed MSPE procedure was investigated for analysis of different real samples including two human plasma and two saliva samples. The results summarized in Table 4 show that the RISP of recovery range from 93.2 to 97.4% and the 9OHR of recoveries range from 91.8 to 99.2% were satisfactorily obtained using the proposed method. The Figure 7 presents the MS chromatograms obtained from blank and real samples. All peaks of analytes were easily discriminated and fully separated, since no conspicuous interference of matrix components was observed in the quantitative analysis of RISP and 9OHR. Table 5 compares analytical data between the proposed method and other existing methods for analysis of the analytes. The comparison of results showed that the proposed method has lower LOD and less extraction time with other reported methods.
Conclusions
In current study, an easy and fast analytical method based on MSPE combined with UPLC-MS/MS has been developed. Oleic acid modified Fe 3 O 4 nanoparticles (Fe 3 O 4 @OA) were firstly used as sorbent of MSPE and successfully applied to the extraction and preconcentration of RISP and 9OHR. Under optimal conditions, the developed MSPE-UPLC-MS/MS method exhibited good precision and low LOD within a short operation time. It confirmed that the proposed method can be considered as a promising procedure for selective and rapid enrichment of RISP and 9OHR from biological samples. 
